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Abstract 
According to European legislation, environmental control and monitoring of landfills has become of
crucial importance. This study includes a thorough geochemical approach aiming to evaluate the en-
vironmental impact of the landfill of Komotini, N. Greece. Samples of waters were taken from inside
the working landfill as well as from the area of the neighbouring old landfill. The waters were analyzed
chemically (major elements and heavy metals) and isotopically (D and 18O). Also, biogas flow was
measured and the ratio CH4/CO2. Based on the geomorphological, hydrogeological and land use data
of the area, we proceeded to analyses of waters both from the area of the landfill and from the wider
region (drainage basin). The obtained results were used to construct digital maps (GIS) in order to de-
termine the special dispersion of the polluted aquifers. The biogas flow in the old and new garbage bur-
ial sites was measured by accumulation chamber device for methane and carbon dioxide ratio
determination. The obtained results show an important agent of pollution in the water samples down-
stream from the landfill and in a distance more than 2km, along the dispersion of the leachate. The land
use of the area was taken into account to evaluate the importance and the criticality of the situation.
Key words: aquifer pollution, waste, landfill, Komotini, Greece.
1. Introduction 
Integrated management of urban waste has become one of the top priorities of the national and es-
pecially of the European environmental policy, which has adapted the basic principles of sustainable
development: reduction, reuse, recycle and safe disposal. Therefore, there has been commenced an
intense effort of closing and restoring old landfills and installing new ones, which will correspond
to modern advanced specifications.
Landfill monitoring is a vital chapter for detecting and precluding possible environmental impacts
during both operation and restoral. In Greece, the subject of monitoring and supervising of landfills
remains still a side issue in planning and installing of such a project, rendering the present frame-
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work in total inconsistence with the relative European directives. 
Isotopic composition of elements is a powerful and refined instrument to obtain information about ori-
gin and history of the examined chemical species. Light elements isotopic composition in particular,
being affected by great relative mass differences among the isotopes of a same element, offers many
possible applications in monitoring, also because of the sensible fractioning occurring at environmen-
tal temperatures (Clark and Fritz, 1997). This kind of analysis has become an integrating essential part
in the study of environmental impact of landfills, being able to provide information and evaluation in-
struments not obtainable with other methods (see Hackley et al., 1996; Doveri et al., 2007).
2. Area of study
The study site is the landfills of Komotini (Thrace, N. Greece), including the old restored one (OL) and
the new operating landfill (NL) (Fig. 1, map). NL began its operation in 1994, substituting OL in the
vicinity. OL was set out of operation due to several negative effects in the region and also after reach-
ing its operational maximum. NL is located NW of Stylario village, approximately 7km NE of the city
of Komotini, at 150m above sea level. The total surface of NL reaches up to 113000m2. OL is ap-
proximately 6,5km eastward of Komotini, near village Kalhas, at 100m above sea level. Its surface is
57000m2 and its subbasin exits to SSW, covered by bushy vegetation. The study area belongs to the
graben of Xanthi – Komotini. NL is at a medium (old) level of morphological relief (the relief is char-
acterized by hills and alluvial sediments at the lower altitudes). The slopes are relatively small and
vary between 2,6 – 16%. The eastern part of the region of the landfills is marked by small hills and wide
shallow basins. There are some eroding phenomena by the local streams, with a quite low activity
though. The area belongs to the drainage basin of river Fyliris, which is considered to be the most im-
portant in the region of the Xanthi – Komotini plain. To the north, it is parted from the older meta-
morphic bedrock by a fault (NE dir), to the SW it is parted from the Tertiary basin of Nestos-Prinos by
the tectonic horn of Avdira and to the NE it borders the Tertiary basin of Alexandroupolis. Mean an-
nual outflow of the Fyliris river basin is 305·106 m3 or 9,67m3/s, which equals to rainfall of 204,7 mm.
Mean annual underground flow of Fyliris is 2,73 m3/s and equals to rainfall of 57,7mm. Evaporation
of the basin of Fyliris river during 1980-81 was 479,7mm. The active percolation during the same year
was 63mm. Fyliris river, after exiting the chrystalline schist, covers a distance of 25-35km on the
Holocene sediments. The landfill region is on the Pleio-Pleistocene sediments. Inside the rough mate-
rials, local aquifers appear. Deep and rich aquifers are not excluded. In the vicinity of the landfill a poor
shallow aquifer is formed. Its development takes place in the layers of sand and gravels, which covers
the first 6-8 meters depth at the north. At the south, the aquifer is developed again in the layers of sand
and gravels up to 11 meters depth, where it stops on the clay strata. Possibly, there is a deeper and
richer aquifer, but the contact of the two is considered very unlikely because of the clay-strata.
3. Methods
The integrated approach included a) chemical and isotopic analysis of leachate in the landfill body, with
the aim of indicating eventual differences between OL and NL and to characterize the leachate from
external waters, b) chemical and isotopic analysis of piezometers and some external wells to point out
an eventual contamination or a lack of leachate containment, c) a measurements-survey of diffused bio-
gas, aimed at evaluating the global amount of biogas released from soil and estimating the efficiency
of the covering and d) chemical analysis of biogas.
Water samples were analyzed as follows: cations and heavy metals by optical ICP-OES, anions by
liquid chromatography, ammonia by a specific electrode and COD through spectrometry. Oxygen
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and Hydrogen isotopic compositions were analyzed through mass spectrometry respectively of CO2,
obtained by equilibration with the water itself, and of H2, obtained by reaction to metallic zinc at
400°C. Isotopic analyses have been carried out according to the usual preparation and measurement
techniques with mass spectrometry for δ2H, δ13C and δ18O and with liquid scintillation for 3H. All
results have been reported with the usual δ‰ unit (difference in parts per 0.1 per cent between the
measured isotopic correlation, for example 18O/16O, in the sample and the same rate in a interna-
tional agreed standard) vs. the SMOW standard (average isotopic composition of oceanic waters) for
hydrogen and oxygen stable isotopes in waters, vs. PDB (composition of a sea biogenic carbonate
as reference) for carbon. 
The biogas flux measurements were carried out with the stationary method of accumulation cham-
ber (Witkamp, 1969; Kucera and Kirkham, 1971; Kanemasu et al., 1974; Parkinson, 1981, Tonani
and Miele, 1991; Chiodini et al., 1996; Chiodini et al., 1998) considering the lower weather de-
pendence conditions indicated by Trégourès et al. (1999). This method allows to measure the increase
of concentration of a given gas specie inside a sealed chamber, open only on the bottom, in touch
with the ground; a non stationary version has been used to measure the diffused gas emissions in
landfills (Cossu et al., 1997). 
A detailed description of this instrumentation has been reported by Chiodini et al. (1996, 1998) and
in Raco et al. (2005). In Raco et al. (2005), also the influence of weather parameters, especially of
atmospheric pressure, was considered. For what chemical analysis of gas are concerned, widely
standardized methodologies have been used; in particular gas chromatography for CO2, CH4, O2+
Ar, N2 concentrations.
Samples collected by sucking with syringe by pass, in pyrex containers: 1) in OL, in three different
spots, by a metallic tube with holes, which was dipped 20cm in the permeable covering inside the
collectors (chimneys) of degassing, 2) in NL, using again the metallic tube, dipped 50cm in the tem-
porary covering of the garbage at the active part of the landfill.
108 CO2 and CH4 soil flux measurements were made, covering the whole area of NL, with the ex-
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Fig. 1: Simplified map of the study area showing the main urban sites. NL: New landfill; OL: Old landfill. The
region south of the two landfills is entirely used for agricultural activities.
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ception of the cultivated area. The covered surface was calculated to be around 10200 m2, the di-
mension of sampling network was of 10m x 10m and the location of sampling spots is shown in fig-
ure 2. Several measurements took place in OL, which were located on a matrix with cell 20m x 20m.
We also measured at the inclined perimeter of the landfill. The rest part was covered sparsely. There
were no fluxes in the region, except from the degassing tubes (chimneys). 
4. Data analysis
4.1 Chemistry of waters
The water samples are shown in table 1, which includes also a general description of the sampling
sites and of the parameters measured during the campaign. Measurements took place four times dur-
ing the year for the general chemical parameters (T, pH, Cond) and two times for the basic chemi-
cal elements. Based on the fact that the measured values where similar between the periods of
measurement, GIS maps and data process were structured on one period data set (19/09/2007). Also,
values of heavy metal composition of the water samples were measured (Cr, Ni, B, Hg, As were
measured at the laboratory). A first glance at table 1 and in particular at the measured data set shows
a range of conductivity included between 1000 and 2000 μS, typical of surface water wells in cul-
tivated area, with the only exception of well GR9 down the old landfill and of GR10, which ap-
peared to be contaminated by leachate also at the sight. Leachate shows a value of 67100 μS/cm, this
value is extremely high if compared to that of other similar measurements shown by literature and
suggests that we are in presence of real leachate, even if this one was sampled under the form of over-
flowing, immediately down the area of waste disposal and not far from subsuperficial water flows.
The first step for the interpretation of these analyses is made by a hydrochemical classification of
waters here obtained with the well known Langelier-Ludwig (LL) diagrams.
Table 1. Physicochemical characteristics of samples.
Sample North East Type Depth
(m)
Date T
(°C)
pH Cond 
μS/cm
(20°C)
meq/l
HCO3-
GR1 41,1391 25,4886 borehole 25,0 19/09/2007 21 6,85 1786 8
perc 41,1372 25,4922 leachate 19/09/2007 28 7,53 67100
GR2 41,0938 25,4932 borehole 85,0 19/09/2007 21,1 7,04 1880 8,5
GR3 41,1439 25,4907 well 4,4 19/09/2007 21,6 7,27 1926 10,6
GR4 41,1279 25,4924 spring 19/09/2007 20 6,57 1197 7
GR5 41,1279 25,4926 open trench
surface 3,0 19/09/2007 19,5 7,16 1098 6,5
GR6 41,1240 25,4936 well 5,6 19/09/2007 20 6,86 1630 8,7
GR7 41,1413 25,4921 well 4,7 20/09/2007 19,5 7,29 1418 7
GR8 41,1384 25,4809 well 8,9 20/09/2007 18 7,37 2130 6,4
GR9 41,1302 25,4733 well 5,9 20/09/2007 19,5 6,7 4090 12,2
GR10 41,1282 25,4922 open trench
surface 20/09/2007 19,9 7,7 9000
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The chemical composition of a water sample is shown in LL diagram, using Ri reaction values, which
have been calculated from the concentration of their major constituents (cations and anions) expressed
in eq/l (or meq/l). By keeping the cations groups constant, three LL diagrams could be made, LLHCO3,
LLCl and LLSO4, which have bicarbonate, chlorurate and sulfate as respective isolated ions. LLHCO3
diagram allows distinguishing waters with bicarbonate as main ion from the sulfate-chlorurated ones.
LLCl and LLSO4 diagrams will allow identifying within the group of sulfate-chlorurated waters those
with a dominant component of sulfate or chloride. From LL diagrams in figure 2 it can be observed
that eight samples have a sulfate chlorurated alkaline-earthy composition, GR2 and GR3 samples
have an alkaline dominant and GR9 and GR10 are respectively chlorurated alkaline-earthy and chloru-
rated-alkaline. The leachate sample shows an evident chlorurated-alkaline composition.
The always present correlation between the above parameters, in case of samples with visible (GR10)
or possible (GR9) contamination from leachate and leachate itself is very clear and shows the trac-
ing reliability of such parameters in this particular geological context, where the content of Cl and
bicarbonate is not particularly high. It is important to notice that this observation is not trivial as it
may appear. In fact, geological formations rich in chloride and/or bicarbonate are obviously quite
common and especially their content in chloride can easily reach very high peaks in slow circula-
tion systems or in those affected by sea intrusion or geothermal contribution. 
4.2 Isotopic composition of waters
XLIII, No 4 – 1844
Fig. 2: LL(HCO3) diagrams.
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Data referring to isotopic composition of waters have been interpreted with the classical δ2H‰ ver-
sus δ18O‰ diagram, shown in figure 3. In the same diagram are shown, as usual, the lines corre-
sponding to the points where average isotopic compositions of waters with direct meteoric origin can
be localised (in details, the “world meteoric line” and that originating from data on central Mediter-
ranean rain (Gonfiantini, 1983; IAEA, 2007). 
The results concerning sampled waters appears to be in agreement with those of the world meteoric
line and with the results of some measurements on regional waters carried out during a previous study
(Grassi et al., 1996). This area, compared to others at higher altitude or affected by mountainous bar-
riers, produces isotopic compositions more aligned along the world meteoric line rather than on the
Mediterranean one. The deepest sample (GR2, -90m) shows slightly lower isotopic values but simi-
lar results can be observed also in GR1 (-30m) and in the more superficial well GR9 (-6,3m).
The samples GRperc (leachate) and GR10 (small open-cut sinking in the torrent which morpholog-
ically drains the waste disposal plant with evident presence of leachate), show an isotopic compo-
sition typical of local meteoric waters subject to a broad process of evaporation (IAEA, 1981). In
the leachate sample (GRperc) there is no trace of δ2H‰ shift towards values of higher isotopic com-
position and located, in the above quoted diagram, over the meteoric waters line, a shift which often
characterize landfill leachate samples after the isotopic exchange with methane inside biogas.
Isotopic composition of dissolved inorganic carbon in water of GR1, 2, 3, 4, 5, 6, 7, 8 samples shows
δ
13C(DIC)‰ values typical of superficial water streams in cultivated areas, resulting from the mix-
ing of carbon from organic material oxidation, up to -30‰, with carbon from atmospheric CO2 or
carbonatic mineral dissolution; they both originate a δ13C(DIC) close to 0‰ (Clark and Fritz, 1997)
(Fig. 4). A minor superficial component is in agreement with the slightly higher value of the deep
well GR2. GRperc sample is strongly enriched in 13C due to the methanegenesis generating methane
with low δ13C values and consequent carbon isotopic enrichment in the coexisting CO2 and there-
fore in the originating DIC; the same can be observed in GR10 which shows a large component of
leachate. A separate consideration must be made for GR9 sample. In this superficial well down the
old remediate landfill, the measured value (+3.3‰) is hardly justified in the case of a superficial well
XLIII, No 4 – 1845
Fig. 3: δD versus δ18O diagram.
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from a cultivated area, even according to what was measured in the other investigated wells. An ac-
ceptable hypothesis interprets this value as a trace of leachate coming from the old landfill.
4.3 Contamination
Based on GIS analysis, maps of the water contamination percentage regarding the Cl and B com-
position from leachate have been created (Fig. 5). 
The study of these maps shows the percentage of participation of the polluted liquid (leachate) in the
waters of the region. The contamination level of groundwaters is relatively low (<5% leachate in-
trusion) in distances over 1km. In the region around the leachate sampling site (circle of 300m ra-
dius) the contamination percentage increases rapidly, reaching dangerous values. Sample GR2 shows
an increased level of contamination regarding some of B. The chemical measurements of the water
samples render them either in the suggested limits for drinking water (EU standards, Bouwer, 1978),
XLIII, No 4 – 1846
Fig. 4: δ13C versus Cl diagram. The Cl
content is reported in logarithmic scale.
Fig. 5: Percentage of leachate contam-
ination in waters of the region, based on
Cl- (left) and B-(right) composition.
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(GR1, GR3, GR4, GR5, GR6, GR7, GR8) or quite above the acceptable limits (GR2, GR9, GR10,
GRperc). Sample GR9 has relatively high concentrations of the selected elements, a fact that can be
explained by a possible leachate contamination from the old landfill rather than by water use in the
area (i.e. agriculture).
4.4 Biogas
In order to calculate the total flux of soil biogas, Sinclair’s (1974; 1991) methodology and Sichel’s
(1966) calculations were used. Isoflux maps were produced by processing all biogas flux rate data
with ISATIS, a program developed by Fontembleu School, which uses the Kriging method to ex-
trapolate values (Clark, 1979 and relative references). Being the distribution of log-normal type the
log-normal kriging was used, to build the map shown in figure 6.
5. Conclusions-Results
The procedure here described, the obtained results and their interpretation must be considered as an
applicative test, already able to reveal some useful information about the environmental state of the
site and also aiming to acknowledge and develop the proposed integrated approach. The chemical
and isotopic composition of the leachate is in agreement with literature, except two notable differ-
ences. The first, chemical one, is that the dominant anion is the chloride, while typically the leachate
is dominated by bicarbonate of ammonium; the second, isotopic one, is that the content in tritium
was estimated low, showing possible dilutions of the sample. Both these observations are well ex-
plained by the young age of the landfill. An extremely important observation from the environmental
point of view is the fact that the waters of the well GR9, located downstream of the old site, show
a contamination from the leachate, based on the chemical parameters than isotopic. The contami-
nation of the torrent that drains the new landfill (GR10) is obvious at any part of it. However the char-
acterization of the leachate shows the need of a future monitoring by means of appropriate methods.
The emission of biogas in NL of Komotini, estimated as the sum of CO2 and CH4, resulted to 109
(168÷85 Nm3/h) with a specific flow of about 11 Nl/m2, a value rather high, but typical of landfill
sites with no proper installations for the capture of the biogas. OL, closed and covered, has a low
XLIII, No 4 – 1847
Fig. 6: Isoflux map.
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emission, measurable only in the north slope while an important flow is present, as expected, in the
chimneys of degassing. 
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